CHAPTER 9
Combinations of Functions

Getting Started, p. 516

La)yf(-1) = (-1 -3(-1) - 10(-1) + 24

-1 -3(1) +10 + 24
=-1-3+10+24
= 30

f(4) = (4)° - 3(4)* — 10(4) + 24

=64 — 3(16) — 40 + 24

=64 — 48 - 40 + 24

=0

4(—1)
1—(-1)

b) f(-1) =

f(4) =

¢) f(—1) = 3log;u(—1)
Since you cannot take the log of a negative number,
the expression is undefined.
f(4) = 3 log; (4)
= 3(0.6021)
= 1.81
d) f(—-1) = =5(05""")
= —5(0579)
= —5(4)
—20
—5(0.547 1
—5(0.5%)
—5(0.125)
= —0.625
2. The domain is the x-values. From the graph, the
domain is {x e Rlx # 1}.
The range is the y-values. From the graph, the
range is {y e R|y # 2}.

f(4)
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There is no minimum or maximum value.

The function is never increasing.

The function is decreasing from (—<«<, 1) and
(1, =).

The function approaches — = as x approaches 1
from the left and = as x approaches | from the
right.

The vertical asymptote is x = 1.

The horizontal asymptote is y = 2.

3. a) The vertical stretch turns the function into
y = 2lxl.

The translation 3 units to the right turns the
function into y = 2|x — 3|.

b) The reflection in the x-axis turans the function

into y = —cos (x).
The horizontal compression by a factor of  turns
the function into y = —cos (2x).

¢) The reflection in the y-axis turns the function into
y = log; (—x).

The translation 4 units left makes the function

v =log;(—(x + 4)) orlogy (—x — 4).

The translation 1 unit down turns the function into
y = logs(—x —4) ~ 1.

d) The vertical stretch of 4 turns the function into

4
V= -

) .
The reflection in the x-axis turns the function

. 4
intoy = —-.

The vertical translation 5 units down turns the

. . 4
function into y = o7
4.a)2¢° -7 = 5x+4=0
-112 =7 -5 4
-2 9 -4
2 -9 4 0
2¢ = 9x 4+ 4= 0
(2x— Iy -4 =0
2x~=1=0orx—4=20
2y = lory =4

1
XxX==—orx =4
50

So. the solutions are x = ~ 1,3 and 4
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b) 243 1 _x+1
x+3 2 x-1
x+3 1 x+1

X+ -1 +-=
20 +3)(x (x+3 2 x—l)

2 - D2x+3) + (x+3)(x - 1) =2(x + 3)(x + 1)
202 +x —3) + x>+ 2x —3=2(x* + 4x + 3)

4>+ 2x — 6+ x> +2x—3=2x>+8 + 6
Sx?+4x —9=2>+8x + 6

3x>—4x - 15=0

(Bx+5)(x-3)=0
S
x = —gorx =3
cylogx +log(x —3) =1
log(x(x —3) =1
10" = x(x — 3)
10 = x* — 3x
=x>-3x - 10
0=(x-5(x+2)
x=50rx= -2

Cannot take the log of a negative number, so x = 5.

d) 107% — 22 = 978

107% = 1000

107 = 10°

-4y = 3
o 3
Ty

e) 57— 5°=099
53(5%) — 5 = 0.992
5%(5% ~ 1) = 0.992
5%(125 — 1) = 0.992

5%(124) = 0.992

5% = 0.008
55 = 5—3
x = -3
f) 2cos’x =sinx + 1

2 (sinx — 1) =sinx + 1

2sin’x — 2 =sinx + 1
2sin’x —sinx —3=0
(2sinx ~ 3)(sinx + 1) =0
2sinx —3=0orsinx +1=0

Sim X :Eorsinx = -1

Since sin x cannot be greater than 1, the first
equation does not give a solution.

sinx = —1
x = 270°
9-2

Sayx® —x— 14x +24 <0
Find the critical points by solving
x*—x?— 14x + 24 = 0.
X —x?—14x+24 =0
211 -1 —14 24
1 2 2 =24
1 1 —-12 0
So, 2 is a critical value.
*+x—12=0
x+4(x-3)=0
x+4=0o0rx—-3=0
x=—4orx =3
The critical values are —4, 2, and 3.
Test points that are in the intervals created by the
critical values.
(x = 2¥(x — 3)¥(x + 4)
Test =5: (=) (=)(-=) = (=) <0
Test O: (5)()(+H) = (H >0
Test 2.59: (H)(=)(+) = (=) <0
Test 4: (+F}(H)(+) = (+) >0
So, the solution is (—, —4) U (2, 3)
(2x — 3)(x — 4) -

b) (x +2) =0
Find the critical values.
2x -3 =40

2c =13

3

)
x—4=40

x=4
x+2=90

x = =2

The critical values are 3, 4, and —2
Test =3: (—)(=)+~ (=) = () <0
TestO: (Y (=)~ (F) = (+) >0
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Test 2: (F) (=) + (+) = (=) <0
Test 5: (F)(+) = (+) = (+) >0
The solution is (—2,3) U [4, =)

6.a) f(x) = 2sin(x — )

f(—x) = 2sin{—x — )
= —2sin(x — 7)
So, it 1s odd.
3
b) f(x) = 1<
3
f(=x) = g
3
T4+

So, it is neither.

¢) f(x) = 4x* — 3x?

f(=x) =4(—x)' = 3(~x)’
= 4x* — 3x?

So, it is even.

fl=x) = 20

So, it is neither.

7. Polynomial, logarithmic, and exponential functions
are continuous. Rational and trigonometric functions
are sometimes continuous and sometimes not.

9.1 Exploring Combinations of
Functions, p. 520

1. Answers may vary. For example, the graph of

y =M@ s

i
2. a) A function with a vertical asymptote and a
horizontal asymptote:
If the functions y = 2% and y = Zx are multiplied, the
resulting function will have a vertical asymptote and a

horizontal asymptote.
Answers may vary: for example. v = (2)(2v):
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b) A function that is even:

y = 2xis odd

y = cos (2mx) is odd

The product of the two functions will be even.
Answers may vary; for example,

y = (2x)(cos (Zwx));

ILAPRRY
[

¢} A function that is odd:

vy = 2xis odd

y = sin (27x) is even

The product of the two functions is odd.
Answers may vary; for example,

y = (2x)(sin (27x));

Wi p! f L‘x ﬂ! HJ

[
] WI; WU![’
LY
d) A function that is periodic:

y = sin 27x is periodic

y = cos 2mx is periodic

The product of the two functions is periodic.
Answers may vary; for example.

v = (sin 27x){cos 27x);

M=o T
——

e) A function that resembles a periodic function
with decreasing maximum values and increasing
minimum values:

¥ = cos 27x is periodic

y = (%)\ is decreasing

The product of the two functions will be a function
that resembiles a periodic function with decreasing
maximum values and increasing minimum values
Answers may vary: for example, v = (‘5)\(‘(:05 27x)
where ) < x = 27
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f) A function that resembles a periodic function
with increasing maximum values and decreasing
minimum values:

y = sin 27rx is periodic

y = 2x is increasing

The product of the two functions will be a function
that resembles a periodic function with increasing
maximum values and decreasing minimum values.
Answers may vary; for example, y = 2x sin 27x
where 0 = x = 2m;

|

3. Answers will vary. For example,
y =x’

y = logx

The product will be v = x* log x.
Graph:

Y

9.2 Combining Two Functions: Sums
and Differences, pp. 528-530

Layf+g={(—-4,4+2),(-2,4+1),
(1.3 +2), (4,6 +4)}
= {(=4.6). (=2.5).(1,5), (4,10)}
byg+f={(-4,2+4),(-2,1+4),
(1,2 + 3), (4.4 + 6)}
={(=4,6), (~2,5), (1,5). (4,10)}
o f—g={(—-4,4-2),(-2,4-1),
(1,3 —2), (4,6 — 4)}
={(=4.2),(=2,3), (L, 1), (4,2)}
dg—f={(-4,2-4),(-2,1-3),
(1,2 = 3), (4.4 - 6)}
={(=4.-2), (=2, -3). (L, - 1),
(4, =2)}
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e)f+f={(—-4,4+4),(-2,4+4),(1,3 + 3),
(3,5 +5), (4,6 +6)}
={(—4,8),(-2,8), (1,6), (3,10),
(4, 12)}
Hg-g={(~-42-2),(-2,1-1),(0,2 - 2),
(1,2 = 2), (2.2 = 2), (4,4 — 4)}
= {(‘—4’ O)» (—'2’ O)v (O’ 0)’ (1’ O)! (2’ O)a

(4,0)}

2.a)  f(4) =4 —3
=16-3
=13

6
g) = -3
-0
)
= -3
So, (f+ g)(4) = 13 + =3

=10
b) 2; (f + g)(x) is undefined at x = 2 because g(x)
is undefined at x = 2.
¢) Since 2 cannot be part of the domain, the domain
is{xeR|x # 2}
3. The domain of f(x) is x = — 1. The domain of
g(x)is x < 1. So the domain of f — g is
{xeR|-1=x<1}L
4. To find the graph of f + g, add corresponding
y-coordinates.
So, the graph should be:

Y

To find the graph of f — g, subtract the corresponding
y-coordinates.

Yy
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S.a)f+g=|xl+x
b) (f + g)(x) = |x| + x
(f+g)(—x) = |=x| + —x
= x| —x
The function is neither even or odd.
6.a)f+g=1{(-6,1+6),(-3,7+3)}
= {(=6.7). (-3, 10)}
byg+f={(-6,6+1),(-3,3+7)}
= {(~6.7), (3, 10)}
O f—g=1{(=6.1-6),(-3,7~3)}
= {(=6,-5). (—3,4)}
dyg—f={(-6,6~1),(-3,3-7)
= {(=6.5), (=3, -4}
) f —f=1{(=9 -2~ (-2)), (-85 - 5),
(—=6,1-1),(=-3,7-7),
(=1 =2 = (-2)), (0, =10 — (- 10))}
= {(=9.0), (~8.0), (—6,0), (-3,0),
(—1.0). (0,0)}
fHg+g={(-7.7T+7)(—-6,6+6),
(=3.5+5).(—4,4+4),(-3,3+3)}
= {(—=7,14), (—-6,12), (=5,10), (—4,8),
(—3.6)}

7.a) (f+g)(x) = 11

x -2
(3¢ +4)(x — 2)
3x + 4
(B3x +4)(x - 2)
B 4dx + 2
T (Bx + 4)(x — 2)
2(2x + 1)
C3¢r -2 — 8
b) The denominator cannot be 0,50 3x + 4 # O or
x# —3andx — 2 # Qorx # 2.
So, the domain is {xeR|x # —3For2}
, o 2(2(8) + 1)
o) (f+g)(8) = 38 - 2(8) — 8
2(17)
3(64) — 16 — 8
34
192 - 16 — 8
34
168
17
84
1 1
3By +4 (8 -2
I 1
24+4 6

Il

d) (f — &)(8)
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8. To find the graph of f + g, add corresponding
y-coordinates.
So, the graph should be:

—4]

To find the graph of f — g, subtract corresponding
y-coordinates.
So, the graph should be:

Y

24
1

0
—1- 2

9.a) f(x) + g(x) =2+ x°

/
!
{

!

symmetry: The function is not symmetric.
increasing/decreasing: The function is always
increasing.

zeros: x = —0.8262

maximum/minimum: no maximum or minimum
period: N/A

domain and range: The domain is all real numbers.
The range is all real numbers.

flx) = glx) =20 = &

oy

9-5



symmetry: The fuaction is not symmetric.
increasing/decreasing: The fuaction is always
decreasing.

zeros: x = 1.3735

maximum/minimum: no maximum or minimum
period: N/A

domain and range: The domain is all real numbers.
The range is all real numbers.

b) f(x) + g(x) = cos 2mx) + x*

[ ]
1, J
".l r

W
e,

L4

symmetry: The function is symmetric across

the line x = (.

increasing/decreasing: The function is decreasing
from —= to —0.4882 and 0 to 0.4882 and
increasing from —0.4882 to 0 and 0.4882 to =.
zeros: x = —0.7092, —0.2506, 0.2506, 0.7092
maximum/minimem: relative maximum at x = 0
and relative minimums at v = —0.4882 and

x = 0.4882

period: N/A

domain and range: The domain is all real numbers.

The range is all real numbers greater than —0.1308.

1

flx) — g(x) = cos (2mx) — x

symmetry: The function is symmetric across

the line x = (.

increasing/decreasing: The function is increasing
from — = to —0.9180 and ~0.5138 to 0 and 0.5138

t0 0.9180; decreasing from —0.9180 to —0.5138 and

0t00.5138 and 0.9180 to =.

zeros: x = — 1, —0.8278, —(1.2494, 0.2494,
U.8278, i

maximum/minimum: relative maxima at —0.9180,
0, and 0.9180; relative minima at —(0.5138 and
0.5138

period: N/A

domain and range: The domain is all real numbers.
The range is all real numbers less than 1.

9-6

¢) f(x) + g(x) = log (x) + 2x

symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from 0 to =.

Zeros: none

maximum/minimum: none

period: N/A

domain and range: The domain is all real numbers
greater than 0. The range is all real numbers.

fx) — g(x) = log(x) — 2x

symmetry: The function i not symmetric.
increasing/decreasing: The function is increasing
from O to approximately 0.2 and decreasing from
approximately 0.2 to =.

ZEros: none

maximum/minimum: maximuam atx = 0.2
period: N/A

domain and range: The domain is all real numbers
greater than 0. The range is all real numbers less
than or equal to approximately —1.1.

d) f(x) + g{x) = sin 2wxy + 2 sin {wx)

symmetry: The function is symmetric about

the origin.

increasing/decreasing: The function ic increacing
from —0.33 + 2k to 0.33 + 2k and decreasing from
033 + 2k to 1.67 + 2k.

zeros: k

maximum/minimum: mintmum atx = —0.33 + 24
and maximum at x = 033 + 2k
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period: 2

domain and range: The domain is all real numbers.
The range is all real numbers between —2.598

and 2.598.

flx)y — g{x) = sin (27x) — 2 sin (7x)

symmetry: The function is symmetric about

the origin.

increasing/decreasing: 0.67 + 2k to 1.33 + 2k and
decreasing from —0.67 + 2k to 0.67 + 2k
zeros: k

maximum/minimum: minimum at 0.67 + 2k and
maximum at 1.33 + 2k

period: 2

domain and range: The domain is all real numbers.
The range is all real numbers between —2.598 to
2.598.

e) f(x) + g{x) = sin 27wx) + %

M‘!“W\;

ll){ld\{“nfﬁlﬁtj

R S

symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
and decreasing at irregular intervals.

zeros: the zeros are changing at irregular intervals.
maximum/minimum: the maximums and minimums
are changing at irregular intervals

period: N/A

domain and range: The domain is all real numbers
except 0. The range is all real numbers.

f(x) = g(x) = sin (2mx) — %

({‘1'}1"\‘{\ J}ﬁll.!(‘lj “

[["g) [p‘ J’rb bﬁ‘ur

d

symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
and decreasing at irregular intervals.
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fx) =glx) = Ve -2~ -

zeros: The zeros are changing at irregular intervals.
maximum/minimum: The maximums and minimums
are changing at irregular intervals.
period: N/A
domain and range: The domain is all real numbers
except 0. The range is all real numbers.

S 1
0 f(x) +g(x) = Vi =2+ ——

symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from 3.5874 to = and decreasing from 2 to 3.5874.
Zeros: none

maximum/minimum: minimum at x = 3.5874
period: N/A

domain and range: The domain is all real numbers
greater than 2. The range 1s all real numbers greater
than 1.8899.

symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from 2 to =.

zeros: x = 3

maximum/minimunm: none

period: N/A

domain and range: The domain is all real numbers
greater than 2. The range is all real numbers.

10. a) The sum of two even functions will be even
because replacing v with —x will still result in the
original function.

b) The sum of two odd functions will be odd
because reptacing v with —.x will still result in the
opposite of the ortginal tunction.

¢) The sum of an even and an odd function will
result in neither an even or an odd function because
replacing x with —.x will not result in the same
function or in the opposite ol the function.
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11. a) R(¢) = 5000 — 25¢ — 1000 cos (gr);
it is neither odd nor even; it is increasing during the
first 6 months of each year and decreasing during
the last 6 months of each year; it has one zero,
which is the point at which the deer population has
become extinct; it has a maximum value of 3850
and a minimum value of 0, so its range is

{R(t)eR|0 = R(r) = 3850}.
b) R(r) = 5000 — 25¢ — 1000 cos (%x)

0 = 5000 — 25¢ — 1000 cos (%z)

Use a graphing calculator to find the zero of the
function.
The deer population is extinct after about
167 months, or 13 years and 11 months.
12. The stopping distance can be defined by the
function s(x) = 0.006x* + 0.21x.
If the vehicle is travelling at 90 km/h, the stopping
distance is:
5(90) = 0.006(90)* + 0.21(90)

= 0.006(8100) + 18.9

= 48.6 + 18.9

=675m
13. f(x) = sin (7x); g{x) = cos (mx)
14. The function is neither even nor odd; it is not
symmetrical with respect to the y-axis or with
respect to the origin; it extends from the third
quadrant to the first quadrant; it has a turning point
between —n and 0 and another turning point at 0; it
has zeros at —» and O; it has no maximum or
minimum values; it is increasing when
xe(~o=, —n)and when x e (0, =); when
x e (—n,0), it increases, has a turning point, and
then decreases; its domain is {x € R}, and its range
is {yeR}.
15.a) f(x) = 0; g(x) = 0
b)  flx) =x%g(x) =%’
(f+8)(x) = x* + x*

= 2x?

It is a vertical stretch of 2 from the original function.

1
) flx) = x—_'—i;g(«r) =52

1 1
- +2
x—2 ():—2 )
= -2

16. h(x) =x>—nx +S+mx>+x -3
=(1+mx*+ ({1 —nx+2

So, (f ~ g)(x)

9-8

3=(1+m)(1)*+ (1 —n)(1)+2
3=1+m+1—-—n+2
3=4+m—n

—~1 = m — n EQUATION 1|

8= (1+m)(=2P%+ (1 —-n)(—-2)+2
B8=0+m)4)—-2+2n+2

18 =4+ 4m + 2n

14 = 4m + 2n EQUATION 2

~1l=m-—-n
14 =4m + 2n
2(-1=m — n)

14d=4m + 2n
-2=2m —2n
14 =4dm + 2n
12 = 6m

= m
-1=2-n
-3=—n

=p

9.3 Combining Two Functions:
Products, pp. 537-539

La) (FX g)(x) = {(0,2 X ~1), (1,5 X ~2),
(2,7 X 3), (3,12 X 5)}
= {(0, =2), (1, = 10),
(2,21), (3, 60)}
b) (f X g)(x) = {(0,3 X 4), (2,10 x =2)}
= {(0,12), (2, —20)}

o) (f X g)(x) = x(4)
= 4x

d) (f X g)(x) = x(2x)
= 2x?

&) (f X g)(x) = (x +2) (& — 2x + 1)
=x3 = 2P+ x + 2% —4x + 2

=x-3x+2
D (fxg)x) =2(Vx - 2)
=2V -2
2.a) (¢ v ) =x
8 /
g=4 1/
2_ X
~8 6 —4 7 4 2 04 6 8
—4
6
._8_
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1(d): e Y. .7

I(e):

b) I(c): f: {xeR}i g {xeR}

I(d): f: {x eR}; g: {xeR}

Ie): f: {xeR}: g {xeR}

Iy f: {xeR} g {reRjx =2}
¢) The graph of f X g can be found by multiplying
corresponding y-coordinates.
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L) -

1(d):

t(e):

L(f):

B

.

O -
o
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d) 1(c): {xeR}
I(d): {xeR}
I(e): {xeR}
D {xeRx =2}

3.(Fx )0 = (Vi x)(VI—%)
S0, x = ~1 and x = 1 since the radicand must be
greater than or equal to 0.
So, the domain is {xreR|-1 =x = 1}
4.2) (fXg)(x) = (x— T)(x +7)
=x?— 49

b) (f X g)(x) = (Vx + 10)(Vx + 10)

=x + 10
O (f X g)(x) =T (x — 9)

= 7x' — 63x?
d) (f X g)(x) = (=4 = T)(dx + 7)
—16x% ~ 28x — 28x — 49
—16x? — 56x — 49

e) (fX gix) = 2sinx<x }_ 1)

_ 2sinx

T ox -1
£ (f X g)(x) = log (x + 4)(2)

=20og(x + 4)
S5.4a): D = {xeR}: R = {yeR|y = —49}
4(b): D = {xeR|x = - 10}
R = {yeRly = 0}
4c):D = {xeR} R = {yeR}
4d):D = {xeR}h R = {veR|y =0}
de): D ={vreRjx # —lh R = {y=R}
4f): D = {xeRjx > —-4}:R = {yeRly = 0}
6. 4(a): symmetry: The function is symmetric about
the line x = 0.
increasing/decreasing: The function is increasing from
0 to =. The function is decreasing from — = to 0.
zeros: x = —7.7
maximum/minimum: The minimum is at x = 0.
period: N/A
4(b): symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from — 10 to =.
Zerosi x = — Ly
maximum/minimum: The minimum is at x = — 10.
period: N/A
4(c): symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from -2 to 0 and from 6 to =.
zeros: x = 0,9
maximum/minimum: The relative minimum is at
x = —6. The relative maximum is at x = Q.
period: N/A
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4(d): symmetry: The function is symmetric about
the line x = —1.75.

increasing/decreasing: The function is increasing from
-2 to —1.75 and is decreasing from —1.75 to <.
zero: x = —1.75

maximum/minimum: The maximum is at

x = ~—1.75.

period: N/A

4(e): symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from —=¢ to 0 and from 6 to .

zeros: x = 0,9

maximum/minimum: The relative minima are at

x = —4.5336 and 4.4286. The relative maximum is
atx = —1.1323.

period: N/A

4(f): symmetry: The function is not symmetric.
increasing/decreasing: The function is increasing
from —4 to .

ZEeros: none
maximum/minimum: none
period: N/A
7.f(x) = —4x
glx) =6x +1
(F % &)(x) = —4x(6x + 1)
= —24x% — 4x
Y
4_
X

8.a) {xeR

b) {xeR|x > 8}
¢) {xeR|x = —8land x # 0, 7, or 27}
d) {xeRlx = -lorx=1landx # -3}

Q (£ a6\ pamrpcnnte tha tmtal amaroo
Ze iy s Pjid FCPICSEHE wil t0wha SGCIEY

consumption in a particular country at time ¢

10. a) R(x) = (20000 — 750x)(25 + x) or

R(x) = 500 000 + 1250x — 750x% where x is the
increase in the admission fee in dollars

b) Yes, it’s the product of the function

P(x) = 20000 — 750x, which represents the
number of daily visitors, and F(x) = 25 + x, which
represents the admission fee.

T 37
x+ =27, — or—
X 15 or 2}
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¢) Use a graphing calculator. The ticket price that
will maximize revenue is $25.83.
11. m(t) = ((0.9)")(650 + 300¢)
Use a graphing calculator to estimate.
The amount of contaminated material is at its
greatest after about 7.3 s.
12. The statement is false. If f(x) and g(x) are odd
functions, then their product will always be an even
function. The reason is because when you multiply
a function that has an odd degree with another
function that has an odd degree, you add the
exponents, and when you add two odd numbers
together, you get an even number.
13.  h(x) = (mx® + 2x + 5)(2¢* — nx — 2)
—40 = (m(1)* + 2(1) + 5)
X (2(1)Y —n(1) — 2)
~40=(m+2+5(2-—n-2)
40 = (m + 7)(—n)
40
m+ 7
24 = (m(—1)* + 2(—1) +5)
X 2(=1 —n(-1)-2)
24 =(m—-2+5)2+n-2)
24 = (m + 3)¥(n)

i

n EQUATION 1

24
= p EQUATION 2
m+3 n EQ
0 24
m+ 7 m+ 3

40(m + 3) = 24(m + 7)
40m + 120 = 24m + 168

16m = 48

m =3
24

=n
3+3
24

— ==
6

4 =p

So, the equations are f(x) = 3x* + 2x + 5 and
g(x) =2x7 — 4x - 2.

14.a) (f X g)(x) = V=xlog(x + 10)

The domain is {xeR|—-10 < x = 0}.

b) One strategy is to create a table of values for f{x)
and g(x) and to multiply the corresponding
v-values together. The resulting values could then be
graphed. Another strategy is to graph f(x) and g(x)
and to then create a graph for (f X g)(x) based on

these two graphs. The first strategy is probably better

than the second strategy, since the y-values for f(x)
and g(x) will not be round numbers and will not be
easily discernable from the graphs of f(x) and g{x).

Advanced Functions Solutions Manual

15.a) f(x) X —— = (x> = 25) X

=1
b) The domain of the function is
{xeR|x # —Sor 5}

f() P =25

y

o
>\ .

¢) The range will always be 1. If fis of odd degree,
there will always be at least one value that makes
the product undefined and which is excluded from
the domain. If f is of even degree, there may be no
values that are exlcuded from the domain.

16.2)  flx) =2°
glx) =x*+1
(f X g)(x) =2°(x* + 1)
b) flx)=x

g(x) = sin (2mx)
(f X g)(x) = xsin (27x)
17.a)4x* — 91 = (2x + 9)(2x - 9)
flx) = (2x +9)
] glxy=(2x—-9)
b)8sin"x + 27 = (2sinx + 3)
X (4sin*x — 6sinx +9)
flx)y = (2sinx + 3)
g(v) = (4sin°x — 6sinx + 9)
)4\ — 3y + :r(4v - 3x'+ 1)
fle) = o
g(x) = (4" = 3P + 1)

9-1



6x —5

1

d) =
2x+ 1  2x

+1

X 6x — 5

La) (f+g)(x) = 2x %0

4 1
b) (f=g)(x) =51 x* 5
4
O (f=8)0) = 3
O (i - GV
8
& (f+8)(x) =
1+ (_)
2
)C2
0 (F+8)(0) = 1oy ¥ > 0
2. a) 1(a): : ~KY —
fix)=5 64 £
4__
24 alx=x
IR IOy R
4 |
g
-8
1(b):

Ky R

1(d): T

1(e):

1(f):
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b) 1(a): domain of f: {x e R}; domain of g: {x e R}
1(b): domain of f: {x e R}; domain of g: {xeR}
1(c): domain of f: {x e R}; domain of g: {x e R}
1(d): domain of f: {x e R}; domain of g:

{xeR|x =2}

1(e): domain of f: {x e R}; domain of g: {x e R}
1(f): domain of f: {x e R}; domain of g:

{xeR|x >0}

0 1@):

N

] e

Y o ——
CBEE4o00 2 4608

8-
y==3
1(b):

f(x) : 4x ., Mg(x) = ZX"']
V. /AR
DD 5 P RP R

[ _é :
3
84|
—(fyy - 4x
y =lgh¥) =5,
I(c):

Advanced Functions Solutions Manual

1(d):

I{e):

IhH):

d) I(a): domain of (f+ g): {xeR|x # 0}
1(b): domain of (f+ g): {x eRlx # %}
1(c): domain of (f + g): {xe R}

1(d): domain of (f+ g): {reR|x > 2}
1(e): domain of (f+ g): {xeR}

1(f): domain of (f+ g): {xeR|x > 0}

3.2) 260 260
"1+ 24(09) 1+ 24(0.9)
= 66 cm

9-13



The rate of change is [66 — (260 + 25)] + 20 or
2.798 cm/day.
b) The maximum height is 260, so half of 260 is
130 cm.
B 260
1+ 24(0.9)
130 + 3120(0.9)" = 260

3120(0.9) = 130

(0.9) =130 + 3120
tlog 0.9 = log (130 + 3120)

130

¢t = 30 days
c)( 260 ~ 260 )401
1+ 2409 1 +24(09)%)

= 6.848 cm/day
d) It slows down and eventually comes to zero.
This is seen on the graph as it becomes horizontal
at the top.

Mid-Chapter

1. multiplication

2.2) (f+ g)(x)

it

{(=9,-2 +4),

(=6,-3+ —6),(0,2 + 12)}

I

{(_9’ 2)’ (—6’ —9)7 (O’ 14)}
{(-=9,4 + -2),

(=6,—6 + —3),(0,12 + 2)}
{('95 2)’ (_6’ —9)v (0’ 14)}
o (f-g)x) ={(-9.-2-4),

(=6, -3 — —6), (0.2 — 12)}

= {(=9,-6),(=6,3), (0, ~10)}
d) (g~ N0 = {(~9,4 - -2),
(—6,—6 — —3), (0,12 — 2)}
= {(=9,6), (=6, -3), (0, 10)}

i

b) (g + f)(x)

i

3.a) P(x) = R(x) — C(x)
= —5x* + 150x — (10x + 30)
= —5x? + 140x ~ 30
b) Re}renue, Cost, and Profit
12007 Rix) = =5x2+ 150x
1000 1 \
o~ /\ P(x) = —5x2 + 140x - 30
Q 8004 H Ay
S !
L 600 A fod
S 400-
2004f
L
O 10 20 30 4
Product (1000s)
9-14

©)

~5x% + 140x — 30
~5(7.5 + 140(7.5) — 30
$738.75 thousand

= $738 750

4.a) R(h) = 24.3%

b) N(h) = 24.97h

) W(h) = 24.78h

d) S(h) = 24.39h + 0.58h + 0.39h

= 2536h

e) 25.36(8) + 1.5(25.36)(3) = $317
5a (fxgx)= (x + %)(x + %—)

—vcz~k—)c4-l
’ 4

D = {xeR}
b) (f X g)(x) = sin (3x)(Vx ~ 10)
D = {xeR|x = 10}

Q) (f X g)(x) = 1lx* X

x+5
2253

:x+5

D= {xeRjx# -5}
d) (f X g)(x) = (90x — 1)(90x + 1)

= 8100x* — 1

D = {xeR}
6.2) C(h) X D(h) = R(h)

T . w . w
= 90 cos <Zh) sxn(6h> 102 3111(611)

b)

~ 210 cos (%h) + 238

Average Revenue

600 -

Average revenue
g [V £ L
o & © ©
S5 & & o

1 i A i)

S
)
L

1 ¥ T

2 4 6 8 10 12
Hours after 6 am.

(@)}
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¢) R(2) = 90 cos (%@) sin <—671(2)>
~1mSmcg@9—zmcmC%@9+zw

= $470.30
7.a) (f+g)(x) = 240 +~ 3x
80
T x
D = {xeR|x # 0}

10x?
b) (f+g)(x) = S ar
_ 10x?
wx(x2—3)
_ 10x?
T xr-3
D= {xeR|x # *v3}
x + 8
c) (f+g)(x) “Vi—sg
= {xeR[x > 8§}
7x?
()0 =1
= {xeR|x > 0}

8. csc x, sec x, cot x

95 Compos;tmn of Fun i Ons D

pp. 552-554

ngm=1—w
=1
J(g(0) = f(1)
=2(1) -3
=2-3
= -1
b) f(4) =2(4) -3

9

=1 - —

16
-
16

e) (fof (1) =1
H g2)=1-2

=1-4
= —3

(8°8)(2) =g(-3)
=1~ (-3)
=1-9
= -8

2.a) (g~ H(2) = §(5)

b) (f=/)(1) = f(2)
=5

) (fg)(5) = f(3)
= 10

d) (f° g)(0) is undefined because there is no g(0).

e) (fef Q) =2

DN =¢g"2)
= 4

3.a) f(g(2) “f(D)

=8-3 MgUM»“ﬂﬂ
=5 =5
g(f(4) = g(5) ¢) (g°g)(—~2) =¢g(1)
=1-5 =4
=1-25 d) (fef)(2) = f(-1)
= — 24 f(—1) does not exist, so (f° f)(2) is undefined.
¢ g(—8) =1-(-8) 4.a) d(5) = 80(5)
=164 = 400
= —63 C(d(5) = C(400)
(feg)(—8) = f(—63) = 0.09(400)
=2(—63) -3 = 36
= —126 — 3 [t costs $36 to travel for S hours.
= —129 b) C(d(t)) represents the relationship between the

time driven and the cost of gasoline.
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5.) f(g(x) = flx — 1)
=3(x - 1)
=3(x*—2x+1)
=3x?—6x+3

The domain is {x e R}.

4

g(f(x) = g(3x%)

=3x-1
The domain is {x e R}.

b) flg(x) = f(x* + 1)
=2(x*+ 1P+ (X + 1)
=2(x*+ 22+ ) +xP+1
=2t 4+ 24+ x50+ 1
=2+ 52+ 3

The domain is {x e R}.

' Y

N>

A

|
|
[
el )
P
.

g(f(x) = g(2x* + x)
=(2x*+x)P+1
=d4xt + 4P+ P+ 1

9-16

The domain is {x e R}.
IS 2 S

i [ : v !

) flg(x) = f(2x — 1)

=2(2x — 1) = 3(2x — 1)?
+(2x—-1)-1

=2(8¢> — 12x* + 6x — 1)
—34x*-dx+ 1) +2x—1-1

= 16x* — 24x? + 12x — 2
—~12x*+12x =3 +2x =2

= 16x* — 36x° + 26x — 7

The domain is {x e R}.

. L

g(f(x) = g(2x = 3x* + x = 1)
=22 =3 +x—-1)-1
=4y -6 +2x —2 -1
=4x> - 6x*+2x — 3

The domain is {x e R}.

A

8- 1

\6_

Chapter 9: Combinations of Functions



d) fg(x) = flx + 1) g(f(x)) = g(sinx)
= (x+ D= (x+ 1) = 4 sin x
= (x + 1)*((x + 1)) = 1) The domain is {xeR}.
=+ 2+ D+ 2x+1-1) S y
= (X + 2x + D){(x* + 2x) ‘ S8
=xt+ 2070 + 20 + 4 + %+ 2 R %
=x'+ 400 + 5% + e Ay

The domain is {x e R}.

X , &1
2468 -
5 ) flg(x)) = flx +5)
=lx+5 -2
The domain is {x eR}.
i SRR B -
g(f(x) = g(x* = x%) , ARy
=x'—x*+1 4+ ‘
The domain is {x e R}. \ /{_ - - .
G 5 M & . . ;‘ -l T ;_i 0 T T T T
8 20 2 4 6 8
—d
-
S X —8‘
i30T A58
' g(flx) = g(ix| - 2)
=|x|—2+5
=lx|+3
The domain is {x e R}.
Y
e) f(g(x)) = f(4x)
= sin4x
The domain is {x e R}.
y X
8- T T T T >
. 2 4 68
4
24
AANANNDNAAANNT
5 VLAY YV Y Y BV
—4 6.a)fog = f(Vx — 4)
~6- N
—8 The domain is {x e R|x = 4} and the range is

{veRly = 0}
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gof=g(3x)

= V3x -4
The domain is {xeR!x =
{yveRly = 0}.
b)fog=f(3x + 1)

=V3x +1

The domain is {x eRlx = —%} and the range is
{reR|y = 0}.
gof=g(Vx)

=3Vx + 1
The domain is {x e R|x = 0} and the range is

%} and the range is

{veRly = 1}.
o) fog = f(x?)

Vi
The domain is {xeR|—V2 = x = V2} and the
range is {ye R|y = 0}.
gof=g(Va-x)
= (Va—¥)
=4 - x?
The domain is {xeR|—2 =< x = 2} and the range
is{yeR[0<y<2}
d)fog=fVx -1
=2Vx ~ 1
The domain is {x e R|x = 1} and the range is
{veR|y = 1}.
gef=g(2)
NVF T
The domain is {x e R|x = 0} and the range is
{veR|y = 0}.
e) fo g = f(logx)
— 1010gx
=x
The domain is {x e R|x > 0} and the range is
{yeR}.
gef=g(10%)
= log 10"
=X
The domain is {x e R} and the range is {y e R}.
f)fog=f(5"+1)
= sin (5% + 1)
The domain is {x e R} and the range is
{reR|-1=y=1}
gof=g(sinx)
- 52sinx +1
The domain is {x e R} and the range is
{yeR|E =y =26}

9-18

7. a) Answers may vary. For example, f(x) = Vx
and g(x) = x> + 6

b) Answers may vary. For example, f(x) = x% and
glx)y=5x—8

¢) Answers may vary. For example, f(x) = 2% and
gxy=6x +7

d) Answers may vary. For example, f(x) = }c and
gx)=x"—Tx+2

) Answers may vary. For example, f(x) = sin®x
and g{x) = 10x + 5

f) Answers may vary. For example, f(x) = x and
glx) = (x + 4y’

8.2) (fog)(x) = f(x?)

=2* -1
b) v
‘ 8‘ / ’;j};
-2 rd
g0=2\\ 41 [/
i
N B X
a3 W 5 g
flx)=2x =1
y —8-
W %

(fog)(x) = 242 =1

¢) It is compressed by a factor of 2 and translated
down 1 unit.
9.2) flg(x)) = f(3x + 2)
=2(3x +2) -1
=6x +4 — 1
=6x + 3
The slope of g{x) has been multiplied by 2, and
the y-intercept of g(x) has been vertically translated
1 unit up.
b) g(f(x)) = g(2x — 1)
=32x -1 +2
=6x—3+2
=6x—1
}« I oy ~F FON

e of f{x) has been multiplied by

D( ) = 0.80(975 + 39.95p)
= 780 + 31.96p

11. f(g(x)) = f(0.75x)
= 0.08(0.75x)

= (.06x
12. a) d(s) = V16 + 5% s(1) = 560t
b) d(s(t)) = V16 + 313 600¢, where ¢ is the time

in hours and d(s(¢)) is the distance in kilometres

Tha
& i
10.

Chapter 9: Combinations of Functions
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40 + 3t + 12 5
13. c(v(1)) = (T - 0.1)- + 0.15;

The car is running most economically 2 hours into
the trip.

14. Graph A(k); f(x) is vertically compressed by a
factor of 0.5 and reflected in the x-axis.

Graph B(b); f(x) is translated 3 units to the right.
Graph C(d); f(x) is horizontally compressed by a
factor of 1.

Graph D(1); f(x) is translated 4 units down.
Graph E(g); f(x) is translated 3 units up.

Graph F(c); f(x) is reflected in the y-axis.
15.Sum:y =f+ g

Ay =~ = 1
x—3
Product: y = fX g
flx) =x =3
x+ 1
(x = 3)°
Quotient: y = f+ ¢
flx)=1+xg(x)=x~-3
Composition: y = fog
flx) :% +1Lg(xy=x~-3

16. a) (k) = F(x(:(k))
= flx(3k = 2))
= f(3(3k = 2) + 2)
= (9% — 6 + 2)
= 1%k — 4)
=3(% — 4) - 2
=27k - 12 -2
=27k — 14
b) f(k) = f(x(t(k))
= f(x(3k = 35))
= f(V3(3k - 5) - 1)
= (Vo =15 - 1)

= (VoK = 16)
=2\V9% — 16 - 5

glx) =

9.6 Techniques for Solving Equations
and Inequalities, pp. 560-562

1. Use the graph to find the solutions.

Advanced Functions Solutions Manual

1
b)i)§<x<20rx >-;—

i) 1 <x<2

D |~

1
Qst;sts

fij)x=—-lorx=2

YR

1
d)i)is_xs2orx2

i—-1<x=<2

2.2)3 =2%

Try x = 1:3 =27

3 = 4 Too high

Try x = 0.5:3=2!

3 = 2 Too low

Try 0.6: 3 = 2'2

3 = 2.3 700 low

Try 0.8: 3 = 2!

3 =303

So,x = 0.8

b) 0 = sin (0.25x%)

Try x =0:0 =sin0

0 = 0 Correct

Try x = 2: 0 = sin (0.25(4))

0 = 0.84 Too high

Try x = 3: 0 = sin (0.25(9))

0 = 0.7% ro-bhigh

Try x = 3.5: 0 = sin (0.25(12.25))
0 = 0.08 Close

Try x = 3.6: 0 = sin (0.25(12.96))
0= -01

So,x =0and 3.5

¢) 3x = 0.5x°

Try x = —2:3(—2) = 0.5(=-2)
-6 = —4

Try x = —3:3(—3) = 0.5(-3)°
-9 = -135

Try x = —2.5:3(-2.5) = 0.5(-2.5)°

-75=-78

Try x = —2.4:3(=2.4) = 0.5(-24)

=72 =-69
So,x=-24
dycosx = x

Tryx =0:cos0 =0
1=0

Try 0.5: cos 0.5 = 0.5
08 =05

Try 0.6: cos 0.6 = 0.6
0.8 =06

il
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Try 0.7: cos 0.7 = 0.7 Try x = 1.9:59 = 1.9

0.76 = 0.7 21.28 = 24.76
So, x = 0.7 Tryx =185% =18
3. Graph and use the graph to find the solutions. 18.12 = 18.90
x=—130r 1.8 So,x=1.8
m 1
‘3iy : d)cosx=;

1
Tryx = —2:cos -2 = —=

-2
‘ -042 = —-0.5
- 1
~4 T = —2.1: —21=——
4 ry x cos 51
—-0.50 = —0.58
So,x=-21

e)logx = (x — 10)* + 1
Tryx =9 log9 = (9 — 10)* + 1

095 =0

Try x = 10: log 10 = (10 — 10)* + 1
1=1

So, x = 10.

£) sin (2mx) = —4x* + 16x — 12
Try x = 0:sin 0 = —4(0)* + 16(0) — 12

—4 : 0= -12
o e Try x = Lisin 27 = —4(1)* + 16(1) — 12
: ‘ 0=0
: Try x = 3:sin6m = —4(3)* + 16(3) — 12
-8
: L 0=0
4. Use the graph to find the solutions. S0, x = 1or3

fo) <gx):13<x<16 6. Use a graphing calculator to estimate the

flx) =g(x):x=0o0r13 ;())lmfnjl 81 or 0.48
flx) > gx)0<x<13orl.6<x<3 o ' '

5.a) Ssecx = —x? byx=-1380r 1.6
T' x =72 5sec2 = —22 ¢) x = —1380r 1.30
_?120 _ ;_4 dyx=—-08,0,0r0.8
Try x = 2.5: S sec 2.5 = ~2.5° €) x =021 or 0.74
_624: ____625 f) ,Y—0,0.18,0.38,0r1
So ‘x =75 ' 7. Since the graph crosses the x-axis at x = 0.7, the
b) ’sin3x _ Vi -1 x-coordinate of the solution is 0.7. Use x = 0.7 to
Try x = 2: sin’2 = \/5 1 find the y-coordinate.
= 2 = e the y.
0.75 = 0.41 - ye o
Try x = 2.2:sin* 2.2 = V22 — 1 ; _ 14
g§3r:i0é4§ So, the coordinates are (0.7, —1.5).
0 Sr— 45 8.2.3(0.96) = 1.95(0.97)
Tryx =1:5' = 1° Use a graphing calculator to estimate the solution.
d T t=15
%__xl =9 So, they will be about the same in 1997 + 15 or
Szy: s 2012.
25 =132
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9. Use a graphing calculator to estimate the
solutions.
ayxe (—0.57,1)
b) x [0, 0.58]
¢yxe(—2,0)
d) xe (0.17,0.83)
e) xe(0.35, 1.51)
f) xe(0.1,0.5)
10. Answers may vary. For example,
fx)=x>+5x"+2x —8and g(x) = 0
11. Answers may vary. For example,
flx)=—x*+25andg(x) = —x + 5
12 acosx =bx’+6
acos(—12) =b(-12) +6
acos(—07) =b(-07Y + 6
0.36a = —1.728b + 6
0.76a = —0.343b + 6

~1.728b + 6 —0.343b + 6
0.36 B 0.76
—1.31328b + 4.56 = —0.12348b + 2.16

~1.1898h = —2.4
b=2
—~1.728(2) + 6
S0, a = 0.36

=7
13. Answers may vary. For example:

the terms on the right side of the equation to the
left side of the equation.

Perform the necessary algebraic operations to move all of

¥

side of the equation.

Construct the function f(x), such that f(x) equals the left

Y

Graph the function f{x).

Y

the interval provided, if applicable.

Determine the x-intercepts of the graph that fall within

¥

The x-intercepts of the graph are the solutions to
the equation.

14. Use a graphing calculator to determine the

solutions.

x=0x2n.x=—-067 £ 2norx =062 = 2n,

where nel

15. Use a graphing calculator to determine the

solutions.
xe(2n,2n + 1), wherenel
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1. a) The equation of the graph is 6.25#( )

20

16 1

12 1

Volume (m3)

:E
4
Filling a Swimming Pool

b)y = 6.25w<§>

)8 = 6.257{5)

4

8 = 1.5625mx

1.6 =x

So, it will take about 1.6 hours.

6.257

2.a)y = -6~4—(t - 8)°

Swimming Pool Leak

20 1

16 1

12 1

Volume (m?3)
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d) The initial volume is 19.6 m>.

So, the rate of change is (11 ~ 19.6) ~ 2 or

~4.3 m’/hr

e) As time elapses, the pool is losing less water in
the same amount of time.

3. a) Answers may vary. For example:

Air Leakage
in Space Station
2004 (0, 200)

160+
E 120 4
€
3 80 (4, 80)
o
>

40

O 5 4 6 3

Time {h}
Air Leakage
in Space Station
200 %5 200)

1601

£ 120 -

£

3 801 (4, 80)

<

>

40 1

O 4 8 12 16 20
Time {h]

b) From the linear graph, the y-intercept is (0, 200)
and the slope is — 30, so the equation is

V(ty = —30r + 200

V(t) = —30¢ + 200

0= -—30r+ 200
—-200 = —30¢
6.7 =1t

¢} Using a graphing calculator, the equation that fits

the model is V(¢) = 200(0.795)
V(1) = 200(0.795)'
20 = 200(0.795)

0.1 = 0.795'
log 0.1 = rlog 0.795
10=1r
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4. a)

Trout Population

(10,6000) .

Trout population
o
o
S
S

20004 /-
¥(0, 800)
O 4 8 1 16 20
Time (years)
8000
D) P() = 1775 0710y

Trout Population

Trout population

0 4 8

12 Tg Zb
Time {years)

c) P(4) = l—ﬁqﬁ—i—'fym = 2349 trout four years after
restocking
d) The rate of change is (2349 — 800) + 4 or
387.25 trout per year.
5. a) the carrying capacity of the lake; 8000
b) Use (0, 800) and (10, 6000).

800 = 8000 — a(h)’

800 = 8000 — a
—-7200 = —a
7200 = a

6000 = 8000 — 7200(b)
~2000 = —7200(b)"

0.278 = b'¢
0.278% = b
0.88 =b
¢ Trout Population
8000 A

Trout population
£
)
S
S

O 4 8 12 16 20

Time (years)
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d) P(4) = 8000 — 7200(0.88)"

= 8000 — 4317.81

= 3682
e) The rate of change is (3682 — 800) + 4 or 720.5
trout per year.
f) In the model in the previous problem, the
carrying capacity of the lake is divided by a number
that gets smaller and smaller, while in this model, a
number that gets smaller and smaller is subtracted
from the carrying capacity of the lake.
6. Answers may vary. For example, the first model
more accurately calculates the current price of
gasoline because prices are rising quickly.

7.2) V() = 0.85 cos (g(z - 1.5))

Vi
v2—‘ ’

(@)
-]
[t
w

b) The scatter plot and the graph are very close to
being the same, but they are not exactly the same.

¢) V(6) = 0.85 cos (—73-7—(6 - 1‘5))

= (.85 cos <§(4.5)>

=0L/s
d) From the graph. the rate of change appears to be
at its smallestat 1 = 1.5 5.
e} It is the maximum of the function.
f) From the graph, the rate of change appears to be
greatest at t = 0 s.

8. a) Sunshine in Toronto
300 A
4 L]
> 250 1 . M ®
£ ZE 200-
=y i
S ®
EE ’
g £ 1504 e .
s O -4
g3 1004 o °
> ]
< - ’ .
50
0 T T T T T T T T T T T K
12345678910112

Month
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Sunshine in Toronto

250
200+
1504
100+

i
Q

Average monthly sunshine (h)

0 2 4 6 81012
Month
¢) The equation is

Sty + =97 cos<z6r~(t - 1)) + 181.

d) From the model, the maximum will be at ¢t = 7
and the minimum will be at r = 1.

e) It doesn’t fit it perfectly, because, actually, the
minimum is not at f = 1, but at r = 12.

9, a)

Wind Chitl

104
— G 7 T T 1 H 1 T T
b 10 20 30 40 50 60 70 80
= -10+
£
v
-
£
P2

Wind speed (km/h)

b) Answers may vary. For example,
C(s)y = —38 + 14(097y
¢) C(0) = —38 + 14(0.97)"

= —38 + 14

= —24°C
C(100) = —38 + 14(0.97)'"
—38 + 0.666

= —37.3°C
C(200) = —38 + 14(0.97)™

= —38 + 0.032

= —38°C
These answers don’t appear to be very reasonable,
because the wind chill for a wind speed of O km/h
should be —20°C, while the wind chills for wind
speeds of 100 km/h and 200 km/h should be less
than —38°C. The model only appears to be
somewhat accurate for wind speeds of 10 to
70 km/hr.
10. a) Answers will vary: for example, one
polynomial model is P(r) = 1.4¢7 + 3230, while
an exponential model is P(r) = 3230(1.016)".
While neither model is perfect. it appears that the
polynomial model fits the data better.
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by P(155) = 1.4(155)* + 3230
= 36 865
P(155) = 3230(1.016)"
= 37 820
¢) A case could be made for either model. The
polynomial model appears to fit the data better, but
population growth is usually exponential.
d) According to the polynomial model, in 2000, the
population was increasing at a rate of about 389 000
per year, while according to the exponential model,
in 2000, the population was increasing at a rate of
about 465 000 per year.
11. a) P(r) = 3339.18(1.132 25)
b) 75 = 3339.18(1.132 25)"
Use a graphing calculator to solve.
t=-31
So, they were introduced around the year 1924,
¢) rate of growth
= (93100 — 650) + (35 - 0)
= 2641 rabbits per year.
d) P(65) = 3339.18(1.132 25)%
= 10712 509.96
12. The amplitude is 155.6. The equation of the axis
is y = 0. The period is zs.

a) V(t) = 155.6 sin (12077; + %)

b) V(t) = 155.6 cos (120¢)
¢) The cosine function was easier to determine. The
cosine function is at its maximum when the argument
is 0, so no horizontal translation was necessary.
13. a) Answers will vary; for example, a linear
model is P(f) = — 9t + 400; a quadratic model is
P(t) = (¢ — 30)? + 170; an exponential model is
P(t) = 400(0.972).
The exponential model fits the data far better than
the other two models.
b) P(60) = —9(60) + 400

= —540 + 400

= —140 kPa

23
P(60) = =(60 — 30)? + 170
23
= 22(30)? +
55 (30)° + 170

23
=== +
55 (900) + 170

=230 + 170
= 400 kPa

P(60) = 400(0.972)%°
= 73 kPa

9-24

¢) The exponential model gives the most realistic
answer, because it fits the data the best. Also, the
pressure must be less than 170 kPa, but it cannot be
negative.

14. As a population procreates, the population
becomes larger, and thus, more and more organisms
exist that can procreate some more. In other words,
the act of procreating enables even more procreating
in the future.

15. a) linear, quadratic, or exponential

b) linear or quadratic

¢) exponential

1,1, 1
) ==n*+n?+ =
16. a) T(n) g ton tan

b) 47 850 = %rﬁ + %n2 + %n

So, n = 64.975. So, it is not a tetrahedral number
because n must be an integer.

17. a) Using a graphing calculator, the equation is
P(r) = 30.75(1.008 418)"

b) In 2000, the growth rate of Canada was less than
the growth rate of Ontario and Alberta.

Chapter Review, pp. 576-577

1. The only operation that will result in both vertical
and horizontal asymptotes is division.
2. a) Since shop 1 contains — 1.47%, it sales are
decreasing after 2000. Since shop 2 contains all
addition, its sales are increasing after 2000.
b) S ., =700 — 1462 + £ + 32 + 500
=+ 1.67 + 1200
ot =61+ 1.662 + 1200
= (6)° + 1.6(6)* + 1200
= 216 + 1.6(36) + 1200
= 216 + 57.6 + 1200
= 1473.6 thousand or 1 473 600
d) The owner should close the first shop, because
the sales are decreasing and will eventually reach
zero.
3.a) C(x) = 9.45x + 52000
b) I(x) = 15.8x
)Pxy=1-C
= 15.8x — (9.45x + 52 000)
= 15.8x — 9.45x — 52000

= 6.35x — 52 000
4.a) (f X g)(x) = 3tan(7x) X 4 cos(7x)
= 12sin (7x)
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by (f X g)(x) = @ X 3\/?? b) f(g(x)) =f(x2 +3)

2 1
= 3(3x° e
:9)52)() Vx2+3+1
0 (fX g)(x) = (1lx — )(11x + 7) oL
= 121x* — 49 Vx? + 4
d) (f % = ab* X 2ab™ 1
X)) — o 0 g(f(x) = g(m)
5.a) C X A = (15000000(1.01)")(2850 + 200r) 1 2
= 42 750 000 000(1.01) - (  + 1 +3
+ 3000 000 000z(1.01) 1
b) A  TaxesCollected T i+l +3
4007 e 1 3x+3
= Cx+1l 0 ox+1
é _3x+4
é Cox+1
] 1
s d) f(g(0) = VO + 4
1
0" "10 20 30 40 50 va
Years from now = 1
d) 42 750 000 000(1.01)*® + 3 000 000 000¢(1.01)* § o) + 4
= $156 402 200 032.31 &) g(£(0) = -9
sy 8 0+1
6.a) (f+g)(x) = 105¢° = 5x*
21 _4
b) (f+g)(x) = (x = 4) + (2" + x = 36) o
= (x —4) = (x — 4)(2x + 9) f) For f(g(x)): {xeR}
1 For g(f(x): {xeRjx > — 1}
=3 9.2)  (fof)(x) = flx - 3)
=x-3-3
0 (f+g)(x) = Vx + 15+ (x + 15) :;_6
_Vx +15 b)  (fefof)(x)=flx—0)
x+ 15 =x—-6-3
d) (f+g)(x) = 11x° + 22x* log x ’ =x-9
e &) (fofefof)lx) = flx — 9)
" 2logx =x—-9-3
7.a) {xeR|x # 0} =x—12
9 d) f composed with itself 2 times = x — 3(1 + n)
b) {XER x #F 4, x# —5} 10. a) A(r) = -
¢) {xeR|x > —15} b) r(C) - C
d) {xeR|x > 0} 27
8. a) Domain of f(x): {reR|x > —1} O A(H(C)) = A<_C_>
Range of f(x): {veR|y > 0} 27
Domain of g(x): {xreR} _ T(_Q)Z
Range of g(x): {veR|y = 3} 27
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2 14. Use a graphing calculator to graph the points
A and the model, P(¢) = 2570.99(1.018)".
_ gj World Population
4 7000

2 2

d) _g_ — (3.6) 6500
4 4w 6000 A
=1.03m = 5500 A
11. Use the graph to find the solutions. 5 //
fx) <g(x): —12<x<Oorx>12 z 5000 4
flxy=g(x)x=~-12,0,0r1.2 < 4500
fx)>gx)x<-120r0<x <12 £ 4000
12.a) —3cscx = x = 3500 Z
Tryx=3:~'3csc3:3 § 3000
-213=3 2500
Tryx=4: —3c¢cscd =4 5000
« ,
N 1950 1960 1970 1980 1990 2000
b)cos*x = 3 — 2\/)_c Year
2

Tryx =1:cos°1 =3 — V1
029 =3 — 2(1) Use the graph to estimate the values for r = 13, 23,
029 =1 and 90.
Tryx = 72 C0522 = 3 — 2\/5 When ¢ = 13, P(f) = 3242.
0.17 = 0.17 When ¢t = 23, P(¢) = 3875.
So, x =20 When ¢t = 90, P(¢) = 12 806.
€) 8 = x* o -
Try x = =0.7:87%7 = (-0.7)° Chapter Self-Test, p. 578
0.23 = 0.06 L 2 ‘
Try x= —08 808 = (_08)8 1. a) A(I‘) = 47rr
0.19 = 0.17 by V= tns
So, x = ~0.8. 3

. 3 v 3
d)7smx=; 4o r

3 Vv

Try x = 0.6: 7 5in (0.6) =06 33—;: F
395 =5 NEYY
Try x = 0.7: 7sin (0.7) = % S0, r(V) =~/ 37
45 =43 ' 3V
I 0 4¢ () = A7)
13. a) The rate of change is 2
(3200 — 2000\ = (7 — 8 or = 4@,-{, 3[3—‘7\
(e R A WY \V 47/
600 frogs per year. So, the equation is: :
P(1) = 600 — 1000 - 477(3_‘/)"
The slope is the rate at which the population is o 4
changing. d) 47:-(3(0'73))) =4 m?
b) P(t) = 617.6(1.26) 4ar
617.6 is the initial population and 1.26 represents 2. Draw the graph of each function and use it to
the growth. determine when x sin x = x? — 1.
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From the graph, the solution is —1.62 = x = 1.62.

3. Answers may vary. For example, g(x) = x’ and

hix)=2x +3

g(x) = (x +3) and h(x) = 2x

4. a) Use a graphing calculator to determine the

regression equation.

N(n) = 1n® + 8n* + 40n + 400

b) N(3) = 1(3)* + 8(3)* + 40(3) + 400
=27 + 72 + 120 + 400

= 619
5.f(x)y=6x +b
-3=6(2)+0b
=3=12 + b
-15=5»

So, f(x) = 6x — 15
g(x) =5(x+8)y -1
(f X g)(x) = (bx = 15)(5(x + 8)* — 1)

= (6x — 15)(5(x> + 16x + 64) — 1)
= (6x — 15)(5x% + 80x + 320 — 1)
= (6x — 15)(5¢* + 80x + 319)

= 30x* + 405x7 + 714x — 4785

6. a) There is a horizontal asymptote of y = 275 cm.

This is the maximum height this species will reach.
b 150 = 275
) M T 26(0.85)
150(1 + 26(0.85)") = 275
26(0.85) = (275 +150) — 1
26(0.85) = 0.8333
(0.85)Y = 0.03205
tlog 0.85 = log 0.032 05
t = 21.2 months
7. Find when C(x) = R(x)
Sy + 18 = 2x°
0=2x"—5¢— 18
0= (2x = N{x+12)
x=450r —-2
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Negative answers do not make sense in this context,
so the answer is x = 4.5 or 4500 items.

8. Graph both sides on the equation and use the
graph to find the solutions.

The solutions are x = —3.1, —1.4, —0.6,0.5, or 3.2.
9. Division will turn it into a tangent function that is
not sinusoidal.

ve Revie

ers 7-9: Cumulat

Since cos 6 = cos (27 — 8),

cos (~Z) = cos (2 - (-2))
- cos(2m 4 7).

Since the period of the cosine function is 2,

s T - .
cos (277 + E> = ¢os o Theretore, answer (a) is
correct. Also, since cos (7 — 8) = —cos @,

T ( “1>
COS 10 COs {7 10

_‘O<EE_1)
T 0 T 10

9
= —(C0S —.
10
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Therefore, answer (c) is correct. Also, since

sin (m — 0) = sin @,

. 27 . ( 277)
sin — =sin| 7— —

5 5
. Sm 2w
= Slﬂ( "g‘ - “5‘)
. 3w
= s “‘5‘

Therefore, answer (b) is correct. Since answers (a),
(b), and (c) are all correct, the correct answer is d).
2. Since cos(a — b) = cosacos b + sina sin b,

cos T = (4_77_?1)
2 \12 12

—cos<z-z>
3 4
T

T T T
€OS - COs — + sin — sin —
3 4 3 4

Q(@ ()5

T4
4

Therefore, the correct answer is b).

3. Since sin a = £, the leg opposite the angle « in a
right triangle has a length of 12, while the hypotenuse
of the right triangle has a length of 13. For this
reason, the other leg of the right triangle can be
calculated as follows:

x* + 122 = 13
x* + 144 = 169
x* + 144 — 144 = 169 — 144
x* =25
X =3
Since tan o = opposite leg an @ = 2. In addition,

adjacent leg’
sin 8 = &, the leg opposite the angle A in a right

tv‘;r\n(\-](—\ ne o lanath AFQ ohiln ¢hha licimmtnmiton

moth AF QO o hila eha by - ~ ~F
uuusu, 11000 iblk&’tll UL Oy WEHILIC Uil ii)‘ iJUL\/lLU\)b Ui

-~

the right triangle has a length of 17. For this reason,
the other leg of the right triangle can be calculated
as follows:

2+ & =17
x>+ 64 = 289
x>+ 64 — 64 = 289 — 64
x* = 225
x =15
9-28

. opposite le
Since tan 8 = M,
adjacent leg
tana + tan b
1 —tanatanb’

tan « + tan 3
1 —tan @ tan 8

Since tan{a + b) =

tan (a + B) =

21
Therefore, the correct answer is a).
4. Since sin § = £, the leg opposite the angle 8 in a
right triangle has a length of 3, while the
hypotenuse of the right triangle has a length of 8.
For this reason, the other leg of the right triangle
can be calculated as follows:

X+ 3 =8
¥ +9=064

X¥+9-9=64-9
x> =55

x=V55
opposite leg
adjacent leg’

3 3\V/55

Since tan § =

tan @ = - =
\V/'ss 55

(The reason the sign is negative is because angle 6
is in the second quadrant.)
2tan @

1 - tanzf{g
@(-52)
(%

_6V55
55
E 495
1 — 555
V33
535
3025 495
3025 T 3025

Since tan 28 =

tan 26

t
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s
_ —9% 7. The identity M = sin 2x can be proven
2530 1 + tan"x
N as follows:
_6Vss a5 T sinx
55 72530 2tanx "o
18 150V/55 1+ an’x  sec’x
B 139150 =2 20X ot x

m3\/§ COS X

= 28inxcosx

23 , = sin 2x.
Therefore, the correct answer is a). The identities 1 + tan? x = sec® x
. 0 1+ cos6 : P d _ sinx I
5. Since cos — = +, | ————— sin 2x = 2 sin x cos x, and tan x = os, Vere a
2 2 used in the proof.
T 1+ cos% Therefore, the correct answer is d).
cos 8 2 8. The equation 5 + 7 sin # = 0 can be solved as
1+ follows: ‘
=x 5 S+ 7sing =0
TRV S+ 7sin—-5=0-35
=+, /2 T 7sinf = -3
2 7sin§ S
2+ V2 = -
S 3 7 7
2
sinf = —<
2+ V2 7
4 sin”™' (sin @) = sin™" <—;/:>
_ L V2+ V2 s
B 2 6 = sin™' (w;)

. mw. . - .
Since the angle g isin the first quadrant, the sign of 0= —0.80 or —2.35

cos — is positive. Therefore, the correct answer is d).  Therefore, the correct answer is b).
9. The blade tip is at least 30 m above the ground

2= sechx) ed
6. The expression secz(%x) can be simplifie when 18 cos (m‘ + Z) + 23 = 30. This inequality
as follows: -
as o OWS? . s can be simplified as follows:
2 - sec*(§x> 2 sec‘(§x> -
secz(%x) - Secz(%x> secz@r) 18 cos (m + Z) +23 =30

18cos<m+%> +23 — 30 =30 ~ 30

I

39

O

]

oy

(&)
TN
DD | s

-
e’

|

—

Since cos 26 = 2 cos* 6 — 1,

(1 1
S — el M —v = -
2 cos <2x> I = cos ~(2,\> cos X.

Therefore, the correct answer is ¢).

18cos<m+%> - T7=0

The inequality 18 cos (m + Z—) -7=0
can be solved by graphing the function
h(t) = 18 cos(m + 3) ~ 7 and determining

where the graph is at or above the y-axis.
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The graph is as follows:

Yy
8‘ N
4_ A

BRI

The graph is at or above the x-axis in the intervals
137 =x=212,337T =x =412 and
5.37 = x = 6.12. Therefore, the correct answer is ¢).
10. The equation (2sinx + 1)(cosx — 1) = 0is
true when etther 2sinx + 1 =0orcosx — 1 =0
(or both). If 2sinx + 1 = 0, x can be solved for as
follows:

2sinx+1=90

2sinx+1—-1=0-1
2sinx = —1
2sinx 1
22
1
sinx = —2
The solutions to the equation sin x = —3 occur at

x = 210° or 330°.
If cos x — 1 = 0, x can be solved for as follows:
cosx — 1 =0
cosx —1+1=0+1
cosx =1
The solutions to the equation cos x = 1 occur at
x = 0° or 360°. Therefore, the correct answer is d).

11. Since the solutions to the equation are 8 = 0,

w 5
—, —, or 2, either cos § = 1 or cos § = 1.

3737 ) .
S

(This is because cos 0 = 1, cos : = = oS~ = -,
3 2 3 2

and cos 27 = 1.) For this reason, either

cosf§ ~1=0orcosd — 1= 0(0rboth) If the

1nfe cidane Af thaca tvrn anvatinne aen roancidaead

it OodiLs Ui Lllvo\z @ (%] v\iuquuuo Ui WAL u»u«u

factors of a quadratlc equation and multiplied
together, the result is as follows:

1
(cos 6 — 1)(c059 - 5) =0
cos’ 6 ——cos@—lcosﬂ +£*0
2 2

3 1
00526-~2—c056+5=0

9-30

if both sides of the equation are multiplied by 2, the
result is as follows:

(2)(003 o ~ %cos o + > = (2)}(0)

2cos’6 —3cosf+1=0
Since 2 cos”* § — 1 = cos 20, the equation can be
rewritten as follows:
2cos’f—1+1—-3cosf+1=0

cos26 +1 —3cosf+1=0

cos20 —3cosf +2=0

Therefore, the correct answer is a).
12. In the equation y = log; x, y is the power to
which 7 must be raised in order to produce x.
Therefore, the exponential form of y = log; x is
x = 7, and the correct answer is b).
13. In logarithmic functions of the form
f(x) = alogy[k(x — d)] + ¢, if a is negative,
f(x) is reflected in the x-axis. Also, If 0 < |k| < 1,

occurs, and if

I
a horizontal stretch of factor |- X

f(x) = log,, x a vertical translation of ¢ units up
occurs. Therefore, if b = 1.0117 is reflected in the
x-axis, stretched horizontally by a factor of 3, and
translated 2 units up, the resulting function is
flx) = ~10gm<%x) + 2, and the correct answer
is d).
14. Since the value of log; 49 is the power to which
7 must be raised to produced 49, log; 49 = 2.
Therefore, 7994 = 72 = 49, so the correct answer
is d).
15. The length of the planet’s year in days can be
calculated as follows:

log,y T = 1.5log,gd — 0.45

log,, T = 1.5logc 11 — 0.45

logy, T = log, 11'° — 0.45
log,y T — log, 111° = log; 111° — 0.45
— logp 1117
log,y T — log, 11'° = —0.45
T
logm F = —0.45
< T
10—().43 — .
111.3
107045 % 1105 = L % 11!5
0 0 =

T=10""%x 11"
T = 0.3548 X 36.4829
T =129

Therefore, the correct answer is ¢).
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16. The equation log, x + 3 = log, 1024 can be
solved as follows:
logy x + 3 = log, 1024
log, x + 3 — log, x = log, 1024 — log, x
log, 1024 — logyx =3

1024
log, ~ =3
4= 1024
X
64 — 1024
X
1024
64 X x = . X x
64x = 1024
ﬁ{l_)_c: 1024
64 64
x =16

Therefore, the correct answer is a).
17. logs 25x = logs 25 + logs x
=2+ logs x

So g(x) is a vertical translation of f(x) 2 units up,
and the correct answer is b).
18. The equation x = log; 27V/3 can be rewritten
as 3° = 27\/3. Since 27 = 3* and V3 = 32,
the equation 3* = 27V/3 can be rewritten as
3* = 3’ X 32 By adding the exponents on the
right side of the equation, the equation becomes
3* = 3% Therefore, x must equal 3}, and the
correct answer is b).
19. Since the formula for compound interest is
A = P(1 + i)", the length of time it will take for
the investment to be worth more than $6400 can be
calculated as follows:

6400 < 1600(1 + 0.01)"

6400 - 1600(1 + 0.01)"

1600 1600

4 < (1 +0.01)

log, 4 <log, ((1 + 0.01)")
log,, 4 < nlogy (1 + 0.01)

) log,, 4
n >
log, (1 + 0.01)
log,, 4
log,y 1.01
0.6021
>
0.0043
n > 140

Since #1 represents the number of months it will
take for the investment to be worth more than
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$6400, and since there are 12 months in a year,
the number of years it will take for the investment
to be worth more than $6400 is 11 years and

8 months. Therefore, the correct answer is ¢).

20. Since the formula for the loudness of sound

is L =10 log<é)7 the intensity of the sound of a

jet taking off with a loudness of 133 dB can be
calculated as follows:

!
133 =10 lOg(iz)‘:*lg)

i
1 -
33 Og(m-”)

10 10
135 _ ( i )
10 %8\jono
w1
10% = =
I
133 _
10 10—12
/
133 % 10712 = % 10712
10 1 5 X 10
[ =10
[ =200 W/m?

Therefore, the correct answer is d).
21. The equation log, (x — 3) + log, (x — 2)
= log, (5x — 15) can be rewritten as follows:
log, (x — 3) + log, (x — 2) = log, (5x — 15)
log, (x — 3)(x — 2) = log, (5x — 15)
For this reason, (x — 3){(x — 2) = 5x — 15. This
equation can be solved as follows:
(x—=3Yx—-2)=5%~-153
x?—=3x—2x+6=5¢—15
X =55+ 6=5¢—15
= 5¢+6—-5¢+15=5¢r— 15— 5x + 15
¥ = 10x +21 =0
(x =7} (x—=3)=0
x=T70rx =3
Since it’s impossible to find the log of 0, x = 3 is
not a valid answer, because if 3 is substituted back
into the original equation, both sides of the equation
would have a term of log, 0. Therefore, the correct
answer is b).
22. Since Carbon-14 has a half-tife of 5730 years,
the following equation holds true:
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This equation can be solved as follows:

1\7%
0.017 = (39)(5>

0.017 _ (3.9)@)%
39 39

0.0044 = <'2~>

1\
log 0.0044 = log <~2—)

X 1
log 0.0044 = 5730 log 5
X
2.3606 = ( 5 30)( 0.3010)
—~2.3606 = —0.000 05x
—2.3606 _ —0.000 05x
—0.00005  —0.00005
x = 44933

The closest answer is 45 000 years, so the correct
answer is a).

23. In each of the next 5 years, the cost of goods
and services will increase by 3.1 percent. In other
words, in each of the next 5 years, the cost of goods
and services will be 103.1 percent of what it was

the previous year. Since 103.1 percent written as a
decimal is 1.031, the cost of goods and services now
should be multiplied by (1.031) to find the cost of
goods and services after ¢ years. Since the cost of
good and services now is P, the correct answer is ¢).
24. If the population of a city is currently 150 000 and
is increasing at 2.3 percent per year, the population of
the city in 6 years can be calculated as follows:

P = (150 000)(1.023)°

P = (150000)(1.1462)

P =171927

Since the population in 6 years will be 171 927,
and since the population is increasing at

2.3 percent per year, the number of people by which
the population will increase in the 7th year from
now will be (171 927)(0.023) = 3954. The closest
answer is 4000, so the correct answer is ¢).

25. It’s apparent from the graph that as x moves
away from O in the negative direction, y becomes
smaller and smaller, while as x moves away from

0 in the positive direction, y becomes larger and
larger. For this reason, (a) cannot be the correct
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answer, since as x moves away from 0O in the negative
direction, x*> becomes larger and larger. Also, (b)
cannot be the correct answer, since the domain
of log x is {x e R|x > 0}, and (d) cannot be the
correct answer, since as x moves away from O in
the positive direction, 0.5 becomes smaller and
smaller. Therefore, the correct answer is ¢).
26. The domain of f — g is the intersection of the
domain of f and the domain of g. Since the domain
of fis {x e R|x > 0}, and the domain of g is
{xeR|x # 3}, the domainof f — g s
{xeR|x > 0,x # 3}. Therefore, the correct answer
is b).
27. The sum or difference of an odd function and an
even function is neither even nor odd, unless one of
the functions is identically zero, so neither (b) nor
(c) can be the correct answer. The difference of two
even functions is even, so (d) cannot be the correct
answer. Since the sum of two odd functions is
always an odd function, the correct answer is a).
28. If f(x) = g(x) = sec x, then
f(x) X g(x) = sec? x. Since the range of
both f(x) = secx and g(x) = secx is
{yeR|—1=y =1}, the range of
fx) X g(x) = sec* x must be {yeR|y = 1}.
This is because a negative number squared is
always positive, and (—1)* = 1. Therefore, the
correct answer is a).
29.1f f(x) = ax®* + 3 and g(x) = bx — 1. then
(f X g)(x) can be calculated as foliows:
(f % g)(x) = (ax’ + 3)(bx — 1)
(f < g)(x) = abx® — ax® + 3bx — 3
Since (f X g)(x) passes through the point
(-1, —3), the function can be rewritten as follows:

-3 =gh(—1)> —a(—1)* +3b(—1) — 3
=—ab—a—-3b—-3
—3+3=—-ab—a-3b-3+3

= —ab —a ~ 3b

Also, since (f X g)(x) passes through the point
(1, 9), the function can be rewritten as follows:

9 =ab(1) — al(1y + 3b(1) — 3

9=ab—~-a+3b~3
9+3=ab—-—a+3b-3+3

12=ab —a + 3b

If the equations 0 = —ab ~ a — 3b and
12 = ab — a + 3b are added together, the
resulting equation is 12 = —2a, ora = —6.
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If —6 is substituted for a into the equation

0 = —ab — a — 3b, the equation can be rewritten
as follows:

0=—(—6)b—(—6)—3b

=6b +6—3b

0=3b+6

0-6=3b+6-06
3b=-6
b=-2

Therefore, the correct answer is d).

30. Since f(x) = logx and g(x) = |x — 2},
log x

(Fre)0) =77

never equal O, x can never equal 2. Also, since it’s

impossible to find the log of a number less than or

equal to 0, x must be greater than 0. Therefore, the

domain of (f+ g)(x)is {xeR|x > 0,x # 2}, and

the correct answer is d).

31. The domain of f(x) = V3 —~ xis

{x e R|x = 3}. For this reason, the range of

g(x) = 3x? that is permissible is {y e R|y = 3}, and

the domain of fe g can be calculated as follows:

3x?=3

3x* 3

i <

. Since the denominator can

3 3

=1

~-l=sx=1
Therefore, the domain of fegis {xeR|-1=x=1},
and the correct answer is ¢).
32. It’s clear from the graph that two points on the
line are (0, 3) and (4, —5). Since it is already
known from the point (0, 3) that the y-intercept of
the line is 3, all that is needed to determine the
equation of the line is its slope. The slope of the
line can be calculated as follows:

Yo = Wi
m ==
Xz—lfl
-5 -3
ny =
4 -0
-8
m=—
4
mo= -

Since the y-intercept of the line is 3 and the slope of
the line is — 2, the equation of the line is

y = —2x + 3. Because (h° f)(x) =3 — 2x

= —2x + 3, the correct answer is d).

33. To solve the equation x° = Vtan x. first

subtract Vtan x from both sides of the equation
to produce the equation x* — Vtan x = 0. Then
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graph the function f(x) = x* — Vtan x and
determine the x-coordinates of the points where the
graph crosses the x-axis—these are the solutions to
the equation. The graph of f(x) = x* - Vtan x is

as follows:
'8— : ' N o
K== YHanx
: s X
L _'._7}. ,0 RN S W
2 4. 4
B : __4__‘
VAR

The graph crosses the x-axis at about

x = —1.55,-1.07,0,1.07, and 1.55. Therefore, the
correct answer is d).

34. The functions f(x) = 4 — x* and g(x) = —3x
graphed on the same coordinate grid are as follows:

LAY
16

It’s apparent from the graph that f(x) < g{x) when
x < —1 and when x > 4. Therefore, the correct
answer is b).

35. Since the horizontal distance that a football can
be thrown can be modelled by the function

d= z}g sin 20 + 1.8, the angle at which the
football was thrown can be calculated as follows:

5

d=——sin20 + 18

9.8
35 20" 20 + 1.8
D = .
98 Sin
400
35 = “(‘)TgSiHZH + 1.8
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400
35 - 18 =—sin20 + 1.8 ~ 1.8

9.8
400 |
332 = 08 sin 26
98 400 9.8
2K o= — X i
332X 460 = 9.8 20 X 450

sin 26 = 0.8134

sin”™! (sin 26) = sin~' (0.8134)

26 = 54.4295° or 125.5705°

20 54.4295°  125.5705°

2 2 Y2

6 = 27° or 63°

Therefore, the football could have been thrown at
either 27° or 63° relative to the horizontal.
36. a) Answers may vary. For example, since
population growth is usually exponential,
suitable models for the population of Niagara
and Waterloo could be exponential functions
in the form P(x) = ab®. If the year 1996 is
considered ¢ = 0, the model for Niagara can be
developed as follows:

P(x} = ab*

414.8 = ab®

414.8 = a(1)
a = 414.8

Since a = 414.8, the model can now be developed
as follows:

P(x) = (414.8)(b7)

476.8 = (414.8)(b*)

476.8 (414.8)(b*)

4148 4148
b2 = 1.1495
b = 1.0044

Since b = 1.0044, the model for Niagara is
P(x) = (414.8)(1.0044%).

The model for Waterloo can be developed as
follows:

P(x) = ab*

4183 = ab”

4183 = a(1)
a = 418.3

Since a = 418.3, the model can now be developed
as follows:

P(x) = (4183)(b")

606.1 = (418.3)(b*)

606.1  (418.3)(b™)

4183 4183
532 = 1.4490
b =1.0117
9-34

Since b = 1.0117, the model for Waterloo is
P(x) = (418.3)(1.0117%).
b) Answers may vary. For example, to estimate
the doubling time for Niagara, the model
P(x) = (414.8)(1.0044") could be used as follows:
P(x) = (414.8)(1.0044%)
829.6 = (414.8)(1.0044%)
829.6  (414.8)(1.0044")
414.8 414.8
1.0044° = 2
log 1.0044% = log 2
(x)(log 1.0044) = log 2
(x)(log1.0044)  log2

log 1.0044 log 1.0044
_ 03010
* 7 00019

x = 159 years

To estimate the doubling time for Waterloo, the
model P(x) = (418.3)(1.0117) can be used as
follows:

P(x) = (418.3)(1.0117%)

836.6 = (418.3)(1.0117%)

836.6  (418.3)(1.0117)

4183 4183

101177 =2
log 1.0117° = log 2

(x)(log 1.0117) = log 2

(x)(log 1.0117)  log2
log 1L.0117  log 1.0117
- 03010

* 70,0050
x = 60 years

¢) Answers may vary. For example, to calculate the
rate at which Niagara’s population will be growing
in 2025, first it’s necessary to find the projected
population in 2024, and then it’s necessary to find
the projected population in 2025. The projected
population in 2024 can be found as follows:

P(x) = (414.8)(1.0044%)

P(x) = (414.8)(1.1308)

P(x) = 469.1

The projected population in 2025 can be found as
follows:

P(x) = (414.8)(1.0044*)

P(x) = (414.8)(1.1358)

P(x) = 4711

Therefore, the rate at which Niagara’s population
will be growing in 2025 is 471.1 — 469.1

= 2 thousand people per year. To calculate the rate
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at which Waterloo’s population will be growing

in 2025, first it’s necessary to find the projected
population in 2024, and then it’s necessary to find
the projected population in 2025. The projected
population in 2024 can be found as follows:

P(x) = (418.3)(1.0117%)

P(x) = (418.3)(1.3850)

P(x) =5793

The projected population in 2025 can be found as
follows:

P(x) = (418.3)(1.0117%)

P(x) = (418.3)(1.4012)

P(x) = 586.1

Therefore, the rate at which Waterloo’s population
will be growing in 2025 is 586.1 — 579.3

= 6.8 thousand people per year. Since Niagara’s
population will be growing at 2 thousand people per
year and Waterloo’s population will be growing at
6.8 thousand people per year, Waterloo’s population
will be growing faster.

37. Since the mass of the rocket just before launch
is 30 000 kg, and since its mass is decreasing

at 100 kg/s, m(t) = 30 000 — 100z Since

T — 10m = ma, a can be isolated as follows:

T — 10m = ma

T*l()m_@
m om
7 — 10m
a=—"
m
T
a=—-10

m
Since m(t) = 30 000 — 100z, a(t) can be
determined as follows:
T
a=-——10
Izl
T
“0 = 35000 - 1000 P
Since m = 30 000(2.72) ¥, v can be isolated as
follows:
m = 30000(2.72)"" %
m 30 000(2.72)"" ¢

Il

30000 30000
T = (272) 7
30 000
m ew
log 0000 - log ((2.72)77 789

7t
0000 = (v~ 80 (log272)

lo

aa
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m
l -
“30000  (—v — gr)(log 2.72)

log2.72 log 2.72
n
=g = o8 35000
log 2.72
log m
30 000
—y — gt + gt =—200 +
e log2.72 8
log mo
= 30000 4
log 2.72
log e
30000
—v X =1l=| —-= 4+ g | X —1
! log 2.72 &
log =
y= 30000 o
log2.72

Since m(t) = 30000 — 100¢, v(r) can be
determined as follows:

log

30 000
= ——=000 o
YT Tog2m2 8
IOg 30 000 — 100
v(t) = — 000 _
log2.72
!
Iog(l - §6{)>
)y = —————7—- —
v log 2.72

In order for the rocket to get off the ground, a(0)
must be greater than 0. Therefore, the constraints on
the value of T can be determined as follows:

T
(0 = 35000 = 1000~ °
T
0< - 10
30000 — 100(0)
T
< —
0< 35000 " M
0+10<—L— 10+ 10
30 000
T
<.—
10 < 35000
T
10 X << — X 3 g
0 X 30000 < < X 30 000
T > 300000 N
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